The coding region of the glycoprotein complex glI of pseudorabies virus (PRV) is located in the unique long part of the genome on Sail subfragments 1A and 1G of BamHI fragment 1 (map units 0.105 to 0.130). Fragment 1G which includes the 3' end of the gII gene displays a size heterogeneity among different PRV strains and also within plaque isolates of a given strain. To reveal the cause of this heterogeneity and whether it might affect the gII-coding region we sequenced different l G fragments of the PRV strains Ka, Phylaxia and Dessau, and determined the 3' end of the glI mRNA by SI analysis. These data show that the size heterogeneity is caused by the presence of a variable number of tandemly repeated DNA sequence downstream but adjacent to the coding region of the glycoprotein gII gene. The 3' end of the gII mRNA was mapped about 24 bp upstream of the first repeat unit. A 15 bp sequence 5' GGGACGGAGGGGAGA 3' is repeated from three to over 50 times in different 1G fragments. It is the only repeat unit present in strain Ka, whereas the Phylaxia and Dessau strains show additional modifications.
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SUMMARY
The coding region of the glycoprotein complex glI of pseudorabies virus (PRV) is located in the unique long part of the genome on Sail subfragments 1A and 1G of BamHI fragment 1 (map units 0.105 to 0.130). Fragment 1G which includes the 3' end of the gII gene displays a size heterogeneity among different PRV strains and also within plaque isolates of a given strain. To reveal the cause of this heterogeneity and whether it might affect the gII-coding region we sequenced different l G fragments of the PRV strains Ka, Phylaxia and Dessau, and determined the 3' end of the glI mRNA by SI analysis. These data show that the size heterogeneity is caused by the presence of a variable number of tandemly repeated DNA sequence downstream but adjacent to the coding region of the glycoprotein gII gene. The 3' end of the gII mRNA was mapped about 24 bp upstream of the first repeat unit. A 15 bp sequence 5' GGGACGGAGGGGAGA 3' is repeated from three to over 50 times in different 1G fragments. It is the only repeat unit present in strain Ka, whereas the Phylaxia and Dessau strains show additional modifications.
Pseudorabies virus (PRV) or suid herpesvirus 1 (Roizman et aL, 1981) contains a linear, double-stranded DNA genome of approximately 150 kbp. It is composed of two sets of unique sequences, UL and Us. Us is bounded by inverted repeats and is found in two orientations relative to UL. After PRV infection several glycoproteins are synthesized and incorporated into the viral envelope and the plasma membrane of the infected cell. One glycoprotein, gX, is secreted into the culture medium (Rea et al., 1985) . Up to now, six glycoprotein genes have been mapped on the viral genome and sequenced (Mettenleiter et al., 1985a (Mettenleiter et al., , 1986 Petrovskis et al., 1986a, b; Rea et aL, 1985; Robbins et al., 1986 Robbins et al., , 1987 Wathen & Wathen, 1984) . The genes for gI, gp63, gp50 and gX reside in Us whereas the genes for gII and gIII are localized in UL (Mettenleiter et al., 1986; Robbins et al., 1986 Robbins et al., , 1987 .
The glycoprotein gII, a homologue of the herpes simplex virus type 1 (HSV-1) glycoprotein gB, is a major constituent of the viral envelope (Hampl et al., 1984; Luk~tcs et al., 1985) and is represented by a complex of three related glycoproteins that are derived from a common precursor protein (Mettenleiter et al., 1986) . Two of these glycoproteins are considered to arise by proteolytic cleavage of the larger precursor polypeptide and are linked by disulphide bonds (Hampl et al., 1984; LukS.cs et al., 1985) . The structural gene for the glI complex has been mapped to Sail subfragments 1A and 1G of BamHI fragment 1 (map units 0.105 to 0-130) (Mettenleiter et al., 1986) , and the 3' end of the coding region has been located in Sail fragment 1G (Robbins et aL, 1987) .
BamHl fragment 1 of PRV DNA, which encompasses the gene for the glycoprotein glI, is about 30 kbp in size. In order to map the glI gene more precisely Sail subfragments ofBarnHI 1 of PRV strain Ka (Kaplan & Vatter, 1959) have been cloned into pBR325 and designated 1A to IH according to their size (Mettenleiter et al., 1986) (Fig. 1) (Mettenleiter et al., 1986 SalI subfragment 1G did not appear as one distinct band but seemed to consist of two submolar restriction fragments. Both fragments were isolated and cloned. In Southern blot analyses these two fragments cross-hybridized with each other in contrast to the other SalI fragments, which suggested that two size variants of the same SalI fragment 1 G had been cloned. To examine this heterogeneity more closely PRV D N A of different origins was digested with SalI or SaII/BamHI and blot hybridized with the 32p-labelled, cloned fragment 1G. In the different virus isolates tested, including the different PRV strains Phylaxia, A57 and Dessau (Mettenleiter et aL, 1985 b) , and several single plaque isolates of strains Ka and Dessau, the labelled fragment 1G recognized fragments varying in size between 0.9 and 1-6 kbp ( Fig. 2 (Mettenleiter et al., 1986) exhibited one distinct size in all viral DNAs tested ( Fig. 2) .
To analyse the size heterogeneity of fragment 1G in more detail we cloned BamHI fragment 1 of virus strains Ka, Phylaxia and Dessau into pBR325. After Sali digestion the resulting 1G fragments were isolated and cloned into phage M13mp19 (Norrander et al., 1983) . The recombinant phages MKG1 and MKG2 contained Ka 1G fragments of 1166 bp and 1136 bp, respectively. Fragment 1G of Phylaxia DNA, 1378 bp in size, was obtained in MPG3. Dessau 1G fragments of 863 bp and 748 bp were cloned giving rise to MDG 1 and MDG2. After plaque purification spontaneous deletions led to the isolation of a smaller Ka 1G fragment of 596 bp (MKG3) and a smaller Phylaxia 1G fragment of 674 bp (MPG 1). Thus, we were able to isolate seven 1G fragments of different size from three PRV strains. After HpalI digestion of MKG1 and MKG2 the size heterogeneity could be localized in the large HpalI fragment A (Fig. 1 ) of both 1G fragments indicating that the variability is contained in a distinct part of fragment 1G.
To reveal the cause of the size heterogeneity we sequenced the HpalI fragment A of all seven cloned Sail 1G fragments and in addition one complete 1G fragment of each strain to confirm that no other site might contribute to the size difference. Sequencing was done by the dideoxy chain termination method of Sanger et al. (1980) using [35S] dATP (Biggin et al., 1983) , and deoxy-7-deazaguanosine triphosphate (Boehringer) instead of dGTP to avoid sequencing artefacts (Mizusawa et al., 1986) due to the high G + C content of PRV DNA. Sequencing of both strands of the HpalI fragment A of the Ka 1G fragment of MKG3 (596 bp) revealed the existence of three tandem repeat units of the 15 bp sequence 5' GGGACGGAGGGGAGA 3' in its middle part. The same repeat units were found in the larger Ka fragments in MKG1 (1166 bp) and MKG2 (1136 bp) and were designated type I repeat units (Table 1) . In a 6~ wedgeshaped sequencing gel the reiteration was resolved as far as possible. To determine the overall length of the repetition the easily recognizable repeated fragment pattern in the A track was counted and resulted in the determination of 39 and 41 repeat units for MKG2 and MKG1, respectively. In 1G fragments of Ka DNA the first repeat unit starts 261 bp downstream from the Sail site separating fragment 1G from fragment 1A (Fig. 1) . The 6 bp incomplete type I repeat sequence 5' GGGACG 3' precedes the first repeat unit. The last repeat unit is followed by a duplication of the 6 bp sequence 5' GGTCGC 3'. These border sequences separate the repeated from the non-repeated area in fragment 1G (Fig. 3) .
Sequence analysis of both strands of the smaller Phylaxia fragment 1 G cloned in MPG 1 (674 bp) revealed eight units of the same basic type I repeat as in Ka. By sequencing the largest fragment MPG3 (1174 bp), we detected a different fragment pattern interspersed seven times (Table 1) . tt is likely that all seven units in MPG3, which showed the same fragment pattern, consist of this 17 bp sequence. In this repeat unit the 'b' core sequence 5' ACGGGGGGGGG 3' replaces the 'a' core sequence 5' ACGGAGGGG 3' of the type I repeat unit as shown in Table 1 . The entire repetition in clone MPG3 consisted of 54 repeat units. Among 47 repeat units of the type I seven type II repeat units are interspersed as shown in Fig. 3 .
Both Dessau 1G fragments (863 bp and 788 bp) displayed the most complex repeat found so far. In this strain the 'a' core sequence of the type I repeat may be repeated up to four times in a single repeat unit (Table 1) . Therefore, the repeats of the Dessau strain exhibit a basic structure 5' GGG(ACGGAGGGG),=1_4AGA 3'. In Phylaxia and Dessau 1G fragments the first repeat unit starts 270 bp after the Sail site between fragment 1G and 1A following a 15 bp border sequence consisting of the same 6 bp incomplete repeat sequence as shown in strain Ka and an additional 9 bp sequence 5' AGACGGACG 3'. The last repeat unit is followed by the 6 bp border sequence 5' GGTCGC 3'.
In Ka 1G fragments the translational stop signal of the glycoprotein glI gene resides 57 bp upstream from the first repeat unit, whereas in Phylaxia and Dessau strains it was found 66 bp upstream due to the different border sequences. The nucleotide sequences of 1G fragments of the virus strains Ka, Phylaxia and Dessau are nearly identical in the non-repeated areas. Only one nucleotide exchange was found in each virus strain at non-conserved sites (data not shown). The 1G fragments analysed in this report vary in size between 596 bp (MKG3) and 1378 bp (MPG3) (Table 2, Fig. 3 ). Larger fragments up to 1.6 kbp were detected in virion DNA as can be seen in Fig. 2 . We show here that this size heterogeneity is due to the occurrence of different copy numbers of tandemly repeated DNA sequences. For example the fragment 1G in MKG3 is 596 bp in size and contains three repeat units of 15 bp, whereas fragment 1G in MKG1 is 1166 bp in size and contains 41 repeat units. The difference of 38 repeat units clearly accounts for the observed size difference of 570 bp (38 repeat units × 15 bp).
Since the glI glycoprotein gene has been shown to terminate in the Sali fragment 1G (Mettenleiter et al., 1986; Robbins et al., 1987) we used S1 analysis (Berk & Sharp, 1977; Maniatis et al., 1982) to test whether the repetition in 1G is part of the glI transcript. A complementary DNA strand of MPG1 continuously labelled with 32p was obtained by primer extension and was hybridized to cytoplasmic RNA of PRV-infected or mock-infected cells. After S1 digestion and gel electrophoresis a protected DNA fragment of about 253 nucleotides was observed (data not shown) indicating the distance between the SalI site which separates fragment 1G from fragment 1A (Fig. 1) and the 3' end of glI mRNA. Thus, the mature glI mRNA terminates about 24 bp upstream from the first repeat unit in Phylaxia 1 G fragments. At this position the dinucleotide CA occurs twice, which is known to mark a poly(A) addition site in many mRNAs (Birnstiel et al., 1985) . From these data we conclude that the repetition in fragment IG is located outside of, but very close to the 3' end of the mature glI transcript.
Among herpesviruses similar repeated sequences and their possible functions have been described for varicella-zoster virus (VZV) (Davison & Scott, 1986) , HSV (Rixon et al., 1984; Mocarski & Roizman, 1982; Davison & Wilkie, 1981) , Epstein-Barr virus (EBV) (Baer et al., 1984) and bovine herpesvirus 1 (BHV-1) (Hammerschmidt et al., 1986) . In VZV Kinchington et al. (1986) showed that G + C-rich repeated sequences are present within the N-terminal region of an open reading frame for a putative glycoprotein (gpV) of 66K with homology to the HSV-1 gC. Different VZV strains display different numbers of the repeat units. Although these repeated sequences form part of the open reading frame a possible role in transcription control was proposed. In contrast to this repeat, the reiteration in the PRV fragment 1G occurs extragenically. On either side of the reiteration translational stop codons and putative polyadenylation signals could be found belonging to the glI gene on one side (Fig. 3) and an uncharacterized open reading frame on the other side (not shown). Since expression of glycoprotein glI does not appear to be influenced by either length or composition of the basic repeat units (unpublished results), a possible functien of the repeat in the control of glI gene expression appears unlikely. In herpesviruses, repeated elements similar in sequence to the repeat units found in PRV have been implicated in maturation of unit-size genomic DNA molecules (Hammerschmidt et al., 1988a) . The repeat units in PRV are located approx. 15 kbp from the left genome terminus which renders an involvement in this process unlikely. Hondo & Yogo (1988) described the R5 direct repeat in VZV DNA, which consists of an 88 bp and a 24 bp element, and the number of the R5 repeat units varied from one to three among different strains. Since the R5 repeat could be stably maintained during multiple in vitro passages, they proposed that the composition of this repeat may be useful in elucidating the evolutionary relationship among VZV strains. By means of the different characteristics of the reiterations and the border sequences in MKGI, MPG3 and MDG1, we could discriminate between the PRV strains Ka, Phylaxia and Dessau. However, these reiterations are not stable in vitro as demonstrated by the occurrence of smaller 1G fragments after plaque-purification of recombinant phages MKG1 and MPG3. As a result in the Phylaxia IG fragment the type II repeat units were lost. Therefore, neither sequencing data of these reiterations nor the restriction fragment pattern of this region of the genome should be used for discrimination between different PRV strains.
The high variability of the 1G fragments both in repeat number and in repeat type (type I, type II, core 'a', 'b') indicates that this part of the genome is probably non-functional and under low selective pressure, with duplications and deletions occurring easily, perhaps through homologous recombination of the G+C-rich sequences. The PRV repeats described are located immediately downstream of the glycoprotein glI gene, which shows considerable homology to the gB gene of HSV-1 (Robbins et al., 1987) and to corresponding genes of other herpesviruses [VZV, EBV, human cytomegalovirus (HCMV), BHV-I, BHV-2] (Keller et al., 1986; Pellett et al., 1985; Cranage et al., 1986; Whitbeck et al., 1988; Hammerschmidt et al., 1988b) . It is part of a gene cluster consisting of the gB homologue, the ICPI8.5 homologue (PRV, BHV-1) (Robbins et al., 1987; Whitbeck et al., 1988) , the major DNA-binding protein gene and the DNA polymerase gene (HSV-1, EBV, VZV, HCMV, BHV-2) (Quinn & McGeoch, 1985; Baer et al., 1984; Davison & Scott, 1986; Davison & Taylor, 1987; Kouzarides et al., 1987; Hammerschmidt et al., 1988b) . The arrangement of these genes is partly conserved but the location in the genome is different in these viruses. Gompels et al. (1988) described conserved gene clusters between alpha-and gammaherpesviruses (VZV, EBV, herpesvirus saimiri) showing that regions of divergence are marked by the presence of repeated sequences. In other eukaryotic systems gene or genome rearrangements are described in conjunction with repetitive sequences, e.g. evolutionary rearrangements of ~ globin genes and interspersed Alu repeats between several primate species (Sawada & Schmid, 1986) . In another case, Alu repeated sequences had been connected with translocations of sequences between the human chromosomes 9 and 22 leading to chronic myelocytic leukaemia, a pluripotent stem cell disease (de Klein et al., 1986) . Taking these data into account the reiteration in the PRV 1G fragment might participate in genome rearrangements involving the 'gB gene cluster'. 
